Tilia species have been used as anxiolytics for many years. In a previous study anxiolytic-like effects of a hexane extract of Tilia americana var. mexicana inflorescences were observed in experi mental models in mice. To get additional insights into the neu roactive actions of this particular Tilia species, in this study we report a bioactivity guided-fractionation of the extract and se paration by column chromatographic methods to isolate three fatty acids and a triterpene identified as ,6-sitosterol as major constituents. Our results revealed that the crude extract at 10 and 30 mg/kg i. p. and some pooled fractions at the same dosages potentiated sodium pentobarbital-induced sleeping time and caused a significant increase in the time spent at the open-arm sides in the plus-maze test. A reduction in the exploratory behav ioral pattern manifested as ambulatory activity, as well as head
Introduction
Around the world, Tilia species have been used in traditional med icine for their bioactive properties [1] , [2] , [3] . Infusions of the in florescences of Tilia species are widely used in Latin America and Europe as sedatives and tranquilizers [4] , [ 5] . The inflorescences of Tilia americana L. var. mexicana (Schltdl.) Hardin, are prominent in phytotherapy. The flower infusion has been used for treating flu, cough, migraine, nervous tension, and some types of spasms, as well as liver and gallbladder disorders. However, it is mostly used in several regions of Mexico is as a nerve tranquilizer [ 3] .
Affiliation dipping and rearing tests was also observed. Further fractiona tion and purification yielded four major fractions containing fat ty acids and ,6-sitosterol as the active compounds. A dose-re sponse curve of /3-sitosterol in the range 1 to 30 mg/kg doses in dicated that this compound produced an anxiolytic-like action from 1 to 10 mg/kg and a sedative response when the dose was increased to 30 mg/kg, these effects resemble those produced by diazepam (0.1 mg/kg). Our results suggest that hexane extract of Tilia americana var. mexicana produces depressant actions on the central nervous system, at least in part, because of the pres ence of ,6-sitosterol and some fatty acids that remain to be iden tified.
Keywords
Anxiety · ,6-sitosterol · central nervous system · sedative · Tilia americana var. mexicana · Tiliaceae Phytochemical studies have demonstrated that Tilia species syn thesize hydrocarbons, esters, aliphatic acids, flavonoids and ter penoids [5] , [6] , [7] . In addition, mucilage (10%), including arabi nogalactans, uronic acid, carbohydrates [ 8] and tannins (2 %) have also been reported. The relation between tannin and muci lage content is very important and related to the plant's pleasant flavor [2] . Quercetin 3,7-0-dirhamnoside, quercitrin, isoquerci trin, kaempferol 3,7-0-dirhamnoside, astraglin and tiliroside have been reported as major components in polar extracts of Tilia species [7] . Scientific studies have attributed the central nervous system effect of Tilia species to flavonoid constituents because of their ability to interact with high affinity benzodiaze pine receptors [5] , [9] [10] . In this study, we report for the first time the bioactivity-guided fr actionation of a hexane crude extract of Tilia americana var. mexicana inflor escences to determine the active fractions and compounds main ly involved in its anxiolytic and sedative effects using experi mental models in mice and intraperitoneal administration to en sure the maximum bioavailability of the active compounds.
Materials and Methods

Animals
Male Swiss albino mice (25) (26) (27) (28) (29) (30) (Fig.1 ) . These fractions were also tested in all experimental models (Tables 1 and 2) . From the sev en pooled fractions (Pl to P7) eluted with hexane-EtOAc mix tures ( 9 : 1, 8 : 2 and 7 : 3 ) , four compounds were isolated and pur ified: three fatty acids and one triterpene (Fig.1 ) (12] , (13 ] .
Sodium pentobarbital-induced hypnosis For this test, mice received 42 mg/kg, L p. of sodium pentobarbital. Each mouse was observed for the onset of uncoordinated move ments (sedative phase) and the loss of righting reflex (hypnosis), but also for duration of sleep (the criterion for sleep is defined as the loss of righting reflex). The time between loss and recovery of the righting reflex was recorded as sleeping time
Ambulatory activity Sixty minutes after the administration of hexane extract, fr ac tions or pure compounds and prior to the anti-anxiety test, each mouse was placed into a cage divided into 12 squares (6 cmx6 cm). The number of squares explored by each mouse in a 2 min interval was registered as ambulatory activity.
Anti-anxiety and sedative effect For testing anti-anxiety and sedative responses, hexane extract, fractions and pure compounds were qualified in the following tests:
The elevated plus-maze: The elevated plus-maze used in this study was modified from Lister [14] . The apparatus consists of Hole board test: Mice were individually placed in the centre of a perforated board and the number of head-dips was registered during a 3 min trial. The perforated board test was made by using a plastic floorboard, in which 16 evenly spaced holes (3 cm in diameter) were made; the board was delimited by a glass box having 20 cm in height and 20 cm in deep (15) . The number of explored holes provides a measure of the number of head-dips.
Exploratory rearings: Each mouse was individually placed on a filter paper-covered floor of a glass cylinder (16cm in height, 11 cm in diameter). The number of spontaneous rearings on its posterior limbs is counted during the first 5 min. Reduced ex ploratory rearing showed by naive mice after placement in an unfamiliar environment reveals a sedative effect (16) . Control animals received vehicle. Diazepam was used as positive control in all the tests.
Statistical analysis
Results are expressed as mean± SEM. Statistical differences were analyzed using a one-way analysis of variance (ANOVA) followed by Dunnett's test. A value of P < 0.05 was considered significant (we report the exact P value). A SIGMA STAI® version 2.3 soft ware program was used.
Results
As shown in Table 1 , the hexane extract of Tifia americana var. mexicana inflorescences did not modify the latency to the onset of sedation or hypnosis induced by sodium pentobarbital; how ever, the sleeping time was significantly increased in comparison to the control group (F 13,61 ; 3.2, P ; 0.001 ). This effect was maintained or even potentiated when the extract was separated in fractions (F 13,61 ; 3.2, P ; 0.001 ), which were previously chro matographed to produce pooled fractions P1 to P7. These were evaluated at 10 and/or 30 mg/kg Lp. dosages in the experimental models. According to the pharmacological trials, a depressant ef fect was produced by the extract and all pooled fractions tested, being significant in fractions P2 to P7 (Table 1 ) .
From 87 mg of pooled fraction P6, 15 mg of a compound identi fied as J3-sitosterol were purified (Fig.1) . This compound did not •F,,,., = 3.2,P<0.001.
modify the latency to the onset of sedation ( Fig. 2A) or hypnosis ( Fig. 28) , but it produced an increase in the sleeping time starting from 1 mg/kg, this effect was significant (F 5, 54 ; 5.49, P < 0.001) from 3 mg/kg and maintained up to 30 mg/kg dosage resembles the effect produced by diazepam at 0.1 mg/kg as positive control (Fig. 2C) . (Fig. 3A) . A significant reduction in the ambulatmy activity was also produced by 0.1 mg/kg of diazepam (Fig. 3A) . (Fig. 38) . The signifi cant anti-anxiety response observed resembled the effect exert ed by diazepam at 0.1 mg/kg (Fig. 38 ).
In the exploratory rearing (Fig. 3C ) and head dipping (Fig. 3D (Fig. 3D ) . [ 17] , [18] . [19] . A few studies in the literature concerning sterol isolated from Mallotus peltatus (20). Additionally, a bioac tivity -guided fractionation and chromatographic separation of a crude hexane extract of Annona cherimolia led to the isolation of j3-sitosterol as one of its major constituents producing an anxio lytic-like effect on the mouse avoidance exploratory behavior and burying behavior tests, both known as animal models of an xiety (21 ) . In our study, j3-sitosterol produced a significant in crease in the pentobarbital-induced sleeping time. It has been re ported that increase in the pentobarbital-induced sleeping time by combination with plant extracts could be associated with the diminution in the metabolism of barbiturates caused by enzy matic inhibition (221. On the other hand, potentiation of the bar biturate response has been used to demonstrate depressant ef fects of plant extracts (12), (13 I, since their inhibitory actions in volve activation of the GABAergic system (23). To our knowledge, this is the third study demonstrating central nervous system de pressant properties of j3-sitosterol. In this case, the compound was isolated from the inflorescences of Ti lia americana var. mexi.cana crude hexane extract and exhibited anxiolytic and se dative activities.
On the other hand, for this study we decided to use the i.p. route to ensure the maximum bioavailability of the active constituents of Ti lia americana var. mexicana, since our aim is not only to de monstrate the activity of the fractions but also to identify and purify the active compounds. Although the activity of the extract may be ascribed to various components, the significant anxioly tic-like effect observed at minimum doses, such as 1 mg/kg j3-si tosterol Lp., suggests that this compound is responsible, at least in part, for these effects. It is important to mention that for the administration of the extract, fractions, and pure compounds, it was necessary to use Tween-80, a non-ionic surfactant, to obtain a uniform suspension. It has been described that surfactants im prove the absorption of substances (24), (25) and Tween-80 is commonly used as an intestinal absorption enhancer generally regarded as safe for the development of oral drug delivery sys tems (26) . Thus, absorption of the constituents such as j3-sitos terol in the extract might be increased by the vehicle. Neverthe less, and given the known low bioavailability of phytosterols, in future experiments it will be interesting to compare the effect of the active compounds of Tilia americana var. mexicana by the [29] . Phytochemical studies from Tilia species, have reported the presence of flavonoids as major components in polar extracts [7] . which possess a selective and relatively mild affinity for GA BA A /benzodiazepine receptors and a pharmacological profile compatible with a partial agonistic action [5] . 
